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THE PREVALENCE OF INTACT SPERMATOZOA ON INTIMATE SMEAR 
AND EXTRACT SLIDES: A RETROSPECTIVE CASE REVIEW AND RE-
EVALUATION OF TIME SINCE INTERCOURSE ESTIMATION 
 
CAITLIN ROGERS 
ABSTRACT 
Literature concerning the time frames for detection of various seminal 
components commonly tested for in forensic laboratories in sexual assault cases is limited 
in quantity and in scope.  Determining a more accurate time since intercourse (TSI) 
interval based on an extensive review of forensic case work would provide investigators 
with a tool for estimating the time elapsed between the occurrence of a sexual assault and 
the collection of a Sexual Assault Evidence Collection Kit (SAECK) which could be vital 
information in certain cases.  This study demonstrates that the presence of intact 
spermatozoa is a significant finding on microscope slides prepared from vaginal, 
anorectal, and oral swabs and that the percentage of intact sperm cells decreases over 
time.  This study also proved that sperm tails are lost during the preparation of 
microscope slides from SAECK swabs by directly comparing medical personnel-
prepared smear slides and analyst-prepared extract slides from 95 Boston Police 
Department (BPD) Crime Laboratory Unit cases.  Additionally, this study presents 
maximum TSI values for the persistence of sperm heads, intact spermatozoa, and prostate 
specific antigen (P30) through a retrospective examination of 355 cases processed by the 
BPD Crime Laboratory Unit over 5 years.  The maximum persistence values for P30 in 
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the vaginal, anorectal, and oral cavities were 19 hours, 17 hours, and 20 hours, 
respectively.  In the vaginal cavity, maximum persistence values for intact spermatozoa 
were 43 hours for smear slides and 41.5 hours for extract slides.  The maximum 
persistence of sperm heads was equivalent for vaginal smear and extract slides at 105 
hours.  In the anorectal cavity, maximum persistence values for intact spermatozoa were 
43 hours for smear slides and 13 hours for extract slides.  The maximum persistence of 
sperm heads was equivalent for anorectal smear and extract slides at 43 hours.  In the oral 
cavity, maximum persistence values for intact spermatozoa were 3.75 hours for smear 
slides and 5 hours for extract slides.  The maximum persistence of sperm heads were 
equivalent for oral smear and extract slides at 24 hours.   
 
 
 
 
 vii 
TABLE OF CONTENTS 
 Page 
Title Page i 
Reader’s Approval Page iii 
Acknowledgments iv 
Abstract v 
Table of Contents vii 
List of Tables x 
List of Figures xi 
List of Abbreviations xii 
1. Introduction 1 
1.1 Forensic Detection of Seminal Components 1 
1.2 SAECK Processing 3 
1.3 TSI Literature Review 6 
1.4 Study Objectives 12 
2. Materials and Methods 13 
2.1 Boston Police Department Crime Laboratory Unit Retrospective Case 
Review 
13 
2.2 Direct Comparison of Smear and Extract Slides 14 
2.3 Evaluation of Two-Spin Extraction Procedure 15 
2.3.1 Preparation of Extract Slide Standards 15 
2.3.2 Preparation of One-Spin Extract Slides 16 
 viii 
2.3.3 Preparation of Two-Spin Cutting Extract Slides 16 
2.3.4 Preparation of Two-Spin Pellet Extract Slides 17 
2.3.5 Smear and Extract Slide Observation 17 
3. Results and Discussion 19 
3.1 Boston Police Department Crime Laboratory Unit Retrospective Case   
Review 
20 
3.1.1 Maximum Persistence of Seminal Components 20 
3.1.2 Microscopic Sperm Identification 23 
3.1.3 Prostate Specific Antigen Persistence 26 
3.1.4 Circumstances of Alleged Assault 28 
3.1.5 Post-Coitus Activities Reported by the Victim 29 
3.2 Direct Comparison of Smear and Extract Slides 31 
3.2.1 Direct Comparison of Vaginal Smear and Extract Slides 34 
3.2.2 Direct Comparison of Anorectal Smear and Extract Slides 38 
3.2.3 Direct Comparison of Oral Smear and Extract Slides 41 
3.3 Evaluation of Two-Spin Extraction Procedure 44 
3.3.1 Percentage of Intact Spermatozoa Comparisons 45 
3.3.2 Sperm Yield Comparisons 49 
4. Conclusions 55 
5. Future Directions 58 
Appendix A:  Massachusetts Sexual Assault Evidence Collection Kit Hospital 
Form 2A 
60 
 ix 
Appendix B:  Massachusetts Sexual Assault Evidence Collection Kit Hospital 
Form 2B 
61 
Bibliography 62 
Curriculum Vitae 66 
 
 x 
LIST OF TABLES 
 Page 
Table 1.  Maximum reported persistence values of seminal components from 
vaginal, anorectal, and oral samples. 
8 
Table 2.  Microscopic observation scoring system. 11 
Table 3.  Maximum detection time of seminal components on vaginal, anorectal, 
and oral samples. 
21 
Table 4.  Victims’ report of the circumstances of the assault. 29 
Table 5.  Victims’ reported post-coitus activities in relation to the type of assault 
sustained. 
30 
Table 6.  Summary of percentage of intact sperm on smear and extract slide data. 46 
Table 7.  Summary of percentage of intact sperm on one-spin extract slide data. 47 
Table 8.  Summary of percentage of intact sperm on two-spin cutting and two-
spin pellet extract slide data. 
48 
Table 9.  Summary of number of sperm on smear and extract slide data. 51 
Table 10.  Summary of number of sperm on one-spin extract slide data. 52 
Table 11.  Summary of number of sperm on two-spin cutting and two-spin pellet 
extract slide data. 
53 
 
 
 xi 
LIST OF FIGURES 
 Page 
Figure 1.  Intact spermatozoa and epithelial cells stained with KPIC at 400X 
magnification. 
2 
Figure 2.  Intact spermatozoa approximately depicted with KPIC stain. 3 
Figure 3.  SAECK swab processing scheme at the BPD Crime Laboratory. 4 
Figure 4.  Common cellular distribution patterns observed on microscope smear 
slides. 
5 
Figure 5.  Time since intercourse distribution in samples with positive sperm 
identifications. 
24 
Figure 6.  Time since intercourse distribution in samples with positive P30 results. 27 
Figure 7.  Reported time since intercourse in 185 smear and extract slide pairs. 31 
Figure 8.  Range and distribution of intact spermatozoa on 185 smear and extract 
slides. 
33 
Figure 9.  Persistence of intact spermatozoa and sperm heads on vaginal smear 
and extract slides. 
35 
Figure 10.  Percentage of intact spermatozoa over time on vaginal smear and 
extract slides. 
37 
Figure 11.  Persistence of intact spermatozoa and sperm heads on anorectal smear 
and extract slides.  
39 
Figure 12.  Percentage of intact spermatozoa over time on anorectal smear and 
extract slides. 
41 
Figure 13.  Persistence of intact spermatozoa and sperm heads on oral smear and 
extract slides. 
42 
Figure 14.  Percentage of intact spermatozoa over time on oral smear and extract 
slides. 
44 
 
 xii 
LIST OF ABBREVIATIONS 
ASCLD/LAB American Society of Crime Laboratory Directors/Laboratory 
Accreditation Board 
AP Acid phosphatase 
BPD Boston Police Department 
R
2
 Coefficient of Determination 
CI Confidence Interval 
DNA Deoxyribonucleic Acid 
H&E Hematoxylin and Eosin 
in. Inch 
KPIC Kernechtrot Picroindigocarmine 
µL Microliter 
mL Milliliter 
ng Nanogram 
P30 Prostate Specific Antigen 
RPM Revolutions Per Minute 
SAECK Sexual Assault Evidence Collection Kit 
SD Standard Deviation 
STR Short Tandem Repeat 
TSI Time Since Intercourse 
 
 
 
 1 
1. INTRODUCTION 
 Time since intercourse, also known as the post-coital interval, is the approximate 
time elapsed between an alleged sexual assault and the collection of a Sexual Assault 
Evidence Collection Kit (SAECK) from a victim.  Estimation of time since intercourse 
(TSI) can provide pivotal information to investigators in certain cases.   For example, TSI 
can aid in supporting or refuting a story provided by a victim or suspect, determining the 
weight of evidence at hand, or providing a general timeline in rape-homicide and drug-
facilitated sexual assault investigations.  Forensic scientists are often called upon to 
evaluate the significance of a biological finding during the course of an investigation or 
when testifying in court, but interpreting these results is complicated by the variability of 
data in the published literature [1,2]. 
 
1.1 Forensic Detection of Seminal Components 
 Time since intercourse is estimated by the quality and quantity of semen present 
on intimate swabs, which are collected from the vaginal, oral, or anorectal cavities of a 
victim, in comparison to persistence values of seminal components presented in the 
relevant literature.  In the forensic laboratory, semen is detected by the presence of 
spermatozoa, prostate specific antigen (P30), and acid phosphatase (AP).  Acid 
phosphatase and P30 are present in the liquid fraction of semen, while spermatozoa 
comprise the cellular fraction.  
 Acid phosphatase is a presumptive indicator of the presence of semen and is 
detected using a colorimetric test, often the AP Spot test (Serological Research Institute, 
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Richmond, CA), which utilizes the Brentamine reagent.  The P30 antigen, which is 
typically identified with an immunological assay [3], is a protein considered to be 
strongly indicative of the presence of semen.  However, P30 is not considered 
confirmatory for the presence of semen because it is present in detectable levels in other 
body fluids including female urine and breast milk [4,5].  The microscopic visualization 
of spermatozoa, often aided by staining techniques like Kernechtrot Picroindigocarmine 
(KPIC), as illustrated in Figure 1, is confirmatory for the presence of semen.  
Spermatozoa are typically the strongest evidence in a case of sexual assault because its 
presence conclusively proves that a sexual act took place [6].  Additionally, spermatozoa 
house the genetic material of semen and can be individualized to the assailant through 
Deoxyribonucleic Acid (DNA) Short Tandem Repeat (STR) typing if present in 
sufficient quantity and quality.  
Figure 1.  Intact spermatozoa and epithelial cells stained with KPIC at 400X 
magnification.   
 
Spermatozoa are comprised of three distinct segments: the sperm head, the 
midpiece, and the sperm tail, as illustrated in Figure 2.  However, the sperm tail, or 
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flagella, is very fragile and easily dissociates from the head and midpiece. When a sperm 
cell has its tail connected, it is termed ‘intact’, and is easily recognizable.  When the tail 
is no longer present, semen can still be visually identified through the observation of 
sperm heads.  The loss of sperm tails is the first sign of seminal degradation.  The 
degradation of semen, as evidenced by the loss of AP activity, P30 presence, or sperm 
tails indicates passage of time since intercourse occurred. 
 
 
Figure 2.  Intact spermatozoa approximately depicted with KPIC stain.  (A) Sperm 
Head, light shading indicates acrosomal cap; (B) Midpiece; and (C) Sperm Tail. 
 
1.2 SAECK Processing 
 At the Boston Police Department (BPD) Crime Laboratory Unit, swabs received 
in SAECKs are processed following a standardized, quality-controlled scheme outlined in 
Figure 3 [7].  In cases with a living victim, the analyst directs efforts towards processing 
probative swabs based on the information about the assault provided by the victim, which 
is indicated on the hospital examination forms within the kit [8].  These swabs are tested 
with AP Spot for the presumptive presence of semen.  If this test is negative for a 
particular swab at the five-minute time limit, no further testing on that swab is conducted.  
If the AP Spot test is positive, a quarter of the swab is cut, extracted in water, and 
pelleted via centrifugation to create a concentrated extract.  A portion of this extract is 
applied to microscope slides and stained with KPIC before it is examined microscopically 
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at 400X magnification.  If spermatozoa are observed (heads or intact), the swab is sent 
directly for DNA analysis.  If no spermatozoa are observed, the swab extract is subjected 
to a P30 lateral flow immunochromatographic assay.  If this test is positive, the swab is 
sent for DNA analysis, but if it is negative, no further testing is performed on that 
particular swab.   
 
Figure 3.  SAECK swab processing scheme at the BPD Crime Laboratory.  Green 
arrows represent a positive result; red arrows represent a negative result. 
  
When a SAECK is collected by medical personnel in Massachusetts, intimate 
swabs collected from the vaginal, oral, and anorectal cavities of the victim are 
immediately smeared onto glass microscope slides provided in the kit.  The cellular 
material applied to medical personnel-prepared smear slides is not concentrated by 
centrifugation as it is in analyst-prepared extract slides, nor is it applied as uniformly.  
Additionally, smear slides are not prepared in a consistent manner amongst medical 
personnel, leading to a wide variety of cellular distribution and density patterns among 
smear slides. 
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 Commonly observed patterns of cellular material on smear slides are presented in 
Figure 4.  An analyst who intends to examine smear slides must first determine the side 
of the slide that contains the biological material as well as the general location of the 
smear before staining, which can be difficult when minimal cellular material was 
deposited.  If the incorrect side or relative location is picked, additional staining must be 
done, wasting valuable time and resources.  
 
Figure 4.  Common cellular distribution patterns observed on microscope smear 
slides.   
  
 Despite the inherent challenges of observing smear slides, they offer considerable 
benefits for TSI estimation over extract slides.  Smear slides are prepared from intimate 
swabs at the time of kit collection when the samples are freshest.  Further, any cellular 
material deposited on the smear slide no longer remains on the original swab to be 
extracted.  Perhaps most notable for TSI considerations, however, is that the cellular 
material on smear slides is not subject to the vigorous mechanical forces applied during 
the agitation and centrifugation steps of the swab extraction process.  These processes 
likely damage the integrity of spermatozoa present on the swab more than a simple 
smear.  
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As per protocol at the BPD Crime Laboratory, smear slides are documented as 
being present in the SAECK, but are not typically stained and microscopically examined.  
Ultimately, the decision of whether or not to utilize the smear slides is left to the 
discretion of the analyst.  If the quality of the spermatozoa is, in fact, compromised by the 
extraction process, semen extracted from an intimate swab should appear to be more 
degraded on an analyst-prepared extract slide than it would on a medical personnel-
prepared smear slide.  As such, if an analyst fails to stain and microscopically examine 
these smear slides, he or she could provide investigators with an inaccurate TSI 
estimation. 
 
1.3 TSI Literature Review  
 Historically, TSI studies have been based on the assumptions that a normal 
ejaculation occurs at the time of the alleged assault and that semen degrades over time 
[9].  The average ejaculate volume is 2 to 5 mL and contains between 10
7
 to 10
8
 
spermatozoa per milliliter, which equates to about 10-25% of the total volume [10,11].  
Additionally, ejaculation occurs less frequently in instances of rape than in consensual 
sex [12].   
Semen is degraded in the human body in a well-characterized phagocytic process 
by neutrophilic lymphocytes and mononuclear cells [3].  In the forensic laboratory, the 
degradation of semen is qualitatively evidenced by the loss of AP activity, P30 presence, 
or flagella.  Measuring the degradation of semen is made increasingly complex in sexual 
assault cases by the loss of semen due to vaginal or anorectal drainage, dilution with 
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other body fluids, and the activities of the victim post-coitus [13].  Defining a normal 
ejaculation and quantifying the degradation of semen in the context of sexual assault is 
thus complicated.  
 Since the cornerstone assumptions of time since intercourse research do not often 
hold true, it is inaccurate to draw forensically relevant conclusions from data obtained 
from a model population or from a small sample of forensic cases.  For this reason, the 
published literature that laid the foundation for TSI research must be critically re-
evaluated before the findings are applied in a forensic laboratory for TSI estimation or are 
presented in the courtroom.  The maximum persistence values for intact spermatozoa, 
sperm heads, and P30 reported in the literature based on casework and model populations 
are summarized in Table 1.  The discrepancies between the case study-based and model 
population-based persistence values for the vaginal samples could be explained by 
fallibility in the victims’ recollection and reported time of assault, lack of a complete 
ejaculation at the time of assault, or the activities of the victim after the alleged assault 
[14,15].  Notably, there is a complete absence of volunteer population studies that involve 
sampling of the anorectal and oral cavities, potentially due to bioethical considerations or 
difficulties in finding willing participants. 
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Table 1.  Maximum reported persistence values of seminal components from 
vaginal, anorectal, and oral samples.  Persistence values presented in literature based 
on retrospective case reviews and model populations, are presented separately. 
Sample Swab 
Type 
Seminal 
Component 
Maximum Detection Time (Hours) 
Case Study-Based 
Literature 
Model Population-
Based Literature 
Vaginal 
Intact Sperm 120
†
[1] 9 days [16] 
Sperm Heads 168 [1] 9 days [16] 
P30 6 [17] 48-60 [18] 
Anorectal 
Intact Sperm 40 [1] -- 
Sperm Heads 65 [19] -- 
P30 -- -- 
Oral 
Intact Sperm 13 [15] -- 
Sperm Heads 24 [1] -- 
P30 -- -- 
†
Jones presented a finding of intact spermatozoa at a maximum of 7 days post-coitus as 
an outlier, however, case-specific information was not published [9]. 
 
 Only studies that present conclusions drawn from a sufficiently large set of 
forensic casework data to account for the natural variability between victims, 
perpetrators, and circumstances of assaults should be utilized for TSI estimation [20].  
Furthermore, studies based on large sets of forensic casework data are only suitable for 
comparison and TSI estimation when the standardized swab examination procedures are 
the same at the laboratory in question as those utilized in the laboratory that conducted 
the research [1].  Estimating TSI from data that is procured from drastically different 
protocols or from a model population, such as fertility clinic patients or volunteer 
participants, is not truly representative of the environment and circumstances of a non-
consensual assault.  This erroneous practice would leave a forensic analyst open to 
intense scrutiny in a court of law and should be avoided.      
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 Astrup et al. identified sperm in vaginal samples from college student volunteers 
at a maximum of 50 hours post coitus [21].  Davies and Wilson found that intact 
spermatozoa are commonly observed on vaginal samples collected from donors within 24 
hours of consensual intercourse, but persisted up to 72 hours, while sperm heads were 
observed on vaginal samples collected after 144 hours [2].  Morrison observed sperm 
persistence of 9 days in vaginal samples from patients at a venereal diseases clinic [16].  
In contrast, Allery et al. observed a maximum sperm persistence of 3 days from vaginal 
samples collected from patient couples at a male infertility clinic [22].  These studies 
based on volunteer or patient populations provide drastically different persistence values 
and seemingly cloud the reliability of TSI estimation.   
 Allard published the largest TSI study to date based on forensic casework 
samples, providing a template for further research on the topic [1].  Persistence values of 
seminal components on vaginal, anal, and oral swabs from 3400 forensic cases and 
guidelines for estimating the number of days within which intercourse is likely to have 
occurred were presented.  The extraction procedure utilized in the study involves a brief 
extraction of the entirety of the swab bud for AP testing and microscopic observation 
with Hematoxylin and Eosin (H&E) staining.  This method is not suitable in laboratories 
accredited by the American Society of Crime Laboratory Directors/Laboratory 
Accreditation Board (ASCLD/LAB), because it requires consumption of an unnecessarily 
large quantity of sample and none of the sample is retained for further testing [23].  As 
such, this extraction process is drastically different from that utilized at the BPD Crime 
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Laboratory, as outlined in section 1.2, making this study unsuitable for comparison and 
TSI estimation.  
 The thorough TSI literature review compiled by Jones and published in the 
Forensic Science Handbook presents the maximum persistence values of seminal 
components from 300 forensic cases analyzed by the author [9].  Hellerud et al. 
confirmed the presence of spermatozoa on an intimate vaginal swab collected 96 hours 
after the victim was sexually assaulted, but were unable to generate male DNA profiles 
from cases where TSI exceeded 67 hours [24].  Unfortunately, the swab extraction 
process used was not outlined in either publication. 
 Significantly less information has been published about the persistence of semen 
in the anorectal and oral cavities.  This could be due, in part, to the lower frequency of 
anal and oral assaults in comparison to the number of vaginal assaults.   Sperm heads 
have been identified on anorectal samples at a maximum of 65 hours and intact 
spermatozoa at a maximum of 40 hours [1,19].  Enos and Beyer reported shorter 
detection limits of sperm up to 20 hours and 6 hours after assault in the anorectal and oral 
cavities, respectively [25].  Their primary concern in interpreting results obtained from 
anorectal samples was that the anorectal cavity is susceptible to contamination from 
vaginal drainage [26]. 
Finally, TSI research has largely been based on a subjective sperm density scoring 
system defined by Kind [27], where sperm density is classified by observing 
representative fields on a prepared microscope slide.  This scoring system has been 
adopted and used in some form for data collection and presentation in subsequent TSI 
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publications [1,2,17,19,28,29].  A summary of the scoring system derived from the 
relevant literature is presented in Table 2.  
 
Table 2.  Microscopic observation scoring system.  
Score Interpretation 
0 None 
Few Few spermatozoa on slide 
+ Spermatozoa are hard to find 
++ Some spermatozoa in some microscopic fields, easy to find 
+++ Many or some spermatozoa in most fields 
++++ Many spermatozoa in every field 
T Some or all spermatozoa are intact (have tails) 
 
 Unfortunately, this system is largely subjective and is dependent on the 
experience and judgment of the analyst collecting the data.  For example, what one 
analyst might consider “a very small number on the slide” might be what another would 
classify as “hard to find”, thus the two analysts would score the same slide differently.  
For this reason, subjective scoring systems used in previous studies were not employed 
for data collection in the present study.  
 Significantly less data is available about the persistence of P30, but research has 
indicated that the fluid components of semen do not persist as long as sperm cells do.     
Graves demonstrated that P30 levels in post-coital samples decline exponentially and it 
remains at a detectable level until up to 48 hours post-coitus [30].  Poyntz compared the 
persistence of P30 on vaginal swabs from donors and from casework samples and had 
positive P30 results up to 8 hours post-coitus, with one outlier case of up to 13 hours, 
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while positive results for casework samples were only obtained at up to 6 hours after 
intercourse [17].  Benschop reported two instances of positive P30 results from vaginal 
samples collected 48 to 60 hours post-coitus from volunteer samples [18], however the 
exact TSI was not indicated. 
 
1.4 Study Objectives 
 The purpose of this research is to provide a framework for estimating TSI 
specifically based on BPD Crime Laboratory protocol and casework and to determine 
whether or not the percentage of intact spermatozoa is a significant finding in sexual 
assault cases.  The objectives of the present study are to determine: the statistical 
significance of the post-coitus activities of the victim, whether a significant percentage of 
sperm tails are lost between SAECK collection and extract slide preparation, and whether 
the two-spin extraction protocol used at the BPD Crime Laboratory negatively impacts 
the percentage of intact spermatozoa (of the total quantity of sperm) recovered from 
intimate swabs.  
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2. MATERIALS AND METHODS 
 Data collection in the present study was conducted in three distinct phases, each 
of which was designed to evaluate factors that may affect TSI estimation.  
 
2.1 Boston Police Department Crime Laboratory Unit Retrospective Case Review 
Case files meeting the following criteria were selected for Phase I data collection: 
SAECK was collected from a living victim, smear slides were prepared by medical 
personnel at the time of SAECK collection, and the presence of semen was confirmed on 
intimate swabs either by microscopic observation of sperm aided by KPIC staining or 
through a positive P30 immunoassay result using the ABAcard
®
 p30 Test (Abacus 
Diagnostics, Inc., West Hills, CA).  
An Excel spreadsheet was created to record information of interest from the 
hospital examination forms 2A (Appendix A) and 2B (Appendix B) included in the 
SAECK, as well as from the crime laboratory examination of the SAECKs.  In rare cases 
where the SAECKs examined by BPD analysts were not collected in Massachusetts, the 
information of interest was recorded on alternative, yet comparable, forms.  The data 
collected included: the case number, the type of offense, time between offense and 
SAECK collection, victim’s reported activity between offense and SAECK collection, the 
sexual acts reported, reported condom use, time since previous consensual intercourse, 
menstruation at the time of assault, contraceptive use, victim’s report of ejaculation, 
whether or not smear slides were prepared, and the results of analyst testing at the Boston 
Police Department Crime Laboratory on intimate swabs.  This data was collected in 
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reverse chronological order, starting with 2013 cases and progressing back through the 
beginning of 2009, for a total of five years of case data.  
 
2.2 Direct Comparison of Smear and Extract Slides 
From the data compiled in Phase I, cases in which sperm was microscopically 
observed on extract slides prepared from intimate swabs were selected for evaluation in 
Phase II.  The SAECKs were retrieved from on-site evidence storage or recalled from the 
BPD Evidence Control Unit and the analyst-prepared extract slides which were recorded 
as sperm-positive during case examination and their corresponding medical personnel-
prepared smear slides were selected for observation.  
Each smear slide, previously unobserved by BPD analysts, was stained by an 
analyst for the purposes of this project with KPIC following the protocol outlined by the 
BPD Crime Laboratory Serology Section Manual [31].  Nuclear Fast Red was added to 
cover the sample area and allowed to set for 15 minutes.  The sample area was rinsed 
with distilled water and air dried completely.  Next, picroindigocarmine was added to 
cover the sample area and allowed to set for 1 minute before the sample area was rinsed 
with 100% ethanol.  Two drops of CytoSeal
™
 60 Mounting Media (Thermo Scientific
™
 
Richard Allan Scientific
™
, Kalamazoo, MI) were added to a large glass microscope slide 
cover which was, in turn, placed on the smear slide. 
The smear slides were visually examined against a light background to evaluate 
the distribution of cellular material on the slide. A ruler and a fine-tip permanent marker 
were used to draw a box measuring 1/4 in. by 1/4 in. on the coverslip around a 
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representative area of cellular material. The same procedure was followed to draw a 1/4 
in. by 1/4 in. box on the coverslip of the corresponding analyst-prepared extract slides.  
The entirety of the defined area on each of the smear and extract slides was 
examined for biological material at 400X magnification.  For each slide, the type of 
intimate sample, preparation method used, number of sperm heads, number of intact 
spermatozoa, and total number of sperm observed was recorded.   
 
2.3 Evaluation of Two-Spin Extraction Procedure 
For Phase III, a neat semen sample from a non-vasectomized male donor and 
distilled water were used to prepare a dilution series as follows: 1:2, 1:4, 1:8, 1:16, 1:32, 
1:64, 1:128, 1:256, 1:512, and 1:1024.  Ten oral swabs were collected from five donors 
and each was dipped for 5 seconds in one of the semen dilutions.  The swabs were air 
dried for 5 seconds and streaked across a 1 in. by 1 in. box outlined with china marker on 
a glass microscope slide, taking care to rotate the swab for even application.  The swabs 
were then air dried completely. 
 
2.3.1  Preparation of Extract Slide Standards 
Extract slides were prepared from a 1/4 cutting of each of the 10 swabs following 
the BPD Crime Laboratory Unit Serology Manual [32]: each swab cutting was placed in 
a microcentrifuge tube with 250 µL distilled water and placed on an orbital shaker to 
agitate for 1 hour.  The swab cutting from each tube was removed, placed in a Costar
™
 
Spin-X
™ 
Centrifuge Tube Insert (Corning Life Sciences, Tewksbury, MA) spin basket, 
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returned to the original tube in the spin basket, and centrifuged for 5 minutes at 14,000 
RPM.  The spin basket with the swab cutting was removed and approximately 230 µL of 
the supernatant was extracted and discarded.  Next, the spin basket with the swab cutting 
was replaced in the microcentrifuge tube, 500 µL distilled water was added, and each 
tube was centrifuged again for 5 minutes at 14,000 RPM.  Each spin basket and cutting 
was discarded and approximately 500 µL of the supernatant was removed and discarded, 
leaving approximately 20 µL remaining in each tube.  The pellet was resuspended in the 
remaining volume and 3 µL was added to a 1/4 in. by 1/4 in. box outlined with a china 
marker on a microscope slide. 
 
2.3.2  Preparation of One-Spin Extract Slides 
A second 1/4 cutting of each of the ten oral swabs dipped in semen dilutions was 
extracted following the protocol as described in Section 2.3.1 through the disposal of the 
supernatant following the first centrifugation cycle.  The swab cutting in the spin basket 
was retained for a subsequent extraction.  At this point, the pellet was resuspended in the 
remaining 20 µL.  Three micoliters of the suspension was then added to a 1/4 in. by 1/4 
in. box outlined with a china marker on a microscope slide.  The remainder of the 
suspension was retained. 
 
2.3.3  Preparation of Two-Spin Cutting Extract Slides 
Each spin basket containing the second 1/4 swab cutting retained in Section 2.3.2 
was then placed into a new microcentrifuge tube.  Five hundred microliters of distilled 
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water was added and each tube was centrifuged for 5 minutes at 14,000 RPM.  Each spin 
basket and cutting was discarded and approximately 480 µL of the supernatant was 
removed and discarded, leaving about 20 µL remaining in each tube.  The pellet was 
resuspended in the remaining volume and 3 µL was added to a 1/4 in. by 1/4 in. box 
outlined with a china marker on a microscope slide. 
 
2.3.4  Preparation of Two-Spin Pellet Extract Slides 
To keep conditions consistent, a new, empty spin basket was added to each of the 
tubes containing approximately 17 µL of suspension retained from Section 2.3.2. Five 
hundred microliters of distilled water was added and each tube was centrifuged for 5 
minutes at 14,000 RPM.  Each spin basket and cutting was discarded and approximately 
500 µL of the supernatant was removed and discarded, leaving about 20 µL remaining in 
each tube.  The pellet was resuspended in the remaining volume and 3 µL was added to a 
1/4 in. by 1/4 in. box outlined with a china marker on a microscope slide. 
  
2.3.5  Smear and Extract Slide Observation 
Each of the smear and extract slides prepared in Sections 2.3 to 2.3.4 were heat-
fixed on a hot plate and stained with KPIC according to BPD Crime Laboratory Unit 
Serology Section Manual Protocol as outlined in Section 2.2 [31].  Microscope slide 
coverslips were affixed to each slide and each was examined microscopically at 400X 
magnification for biological material.  The number of sperm heads, intact sperm, and 
total number of sperm observed were recorded.   
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The smear and extract slide preparation procedures were repeated twice to 
produce data in triplicate. 
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3. RESULTS AND DISCUSSION 
Previous TSI studies include persistence data for acid phosphatase, P30, sperm 
heads, and intact spermatozoa.  Acid phosphatase activity, as measured by the speed of 
reaction with the Brentamine reagent, was once thought to be an indication of the amount 
of semen present in a given sample [33].  Further research showed that fast reactions with 
the Brentamine reagent were prevalent for sperm-free vaginal swabs and that some swabs 
with demonstrable presence of spermatozoa did not react with the Brentamine reagent 
[30,34].  Though acid phosphatase activity has been shown to decrease over time in these 
studies, it is merely a presumptive indicator of semen due to the prevalence of Type I and 
Type II errors associated with the test [2,35].  As a presumptive test, AP Spot plays an 
advantageous role in narrowing down the number of suspected stains or swabs that 
require additional, time consuming testing [36]. 
Vaginal acid phosphatase, discernible from seminal acid phosphatase only by 
electrophoretic mobility, is endogenous to the vaginal cavity [37].  Even in the absence of 
semen, AP activity is elevated above normal resting levels in the post-coital vagina [17].  
The AP Spot test can provide positive results if the female victim has a naturally high 
resting vaginal AP level or if her vaginal AP level is elevated post-coitus because the 
assay cannot differentiate between seminal AP and vaginal AP.  In either scenario, a 
positive AP Spot test cannot be reliably attributed to the presence of semen. 
Research advances prove that using AP persistence data as a measure of TSI is no 
longer a sound practice.  Therefore, acid phosphatase was excluded as a measure of TSI 
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estimation in this study, leaving intact spermatozoa, sperm heads, and P30 as the 
probative seminal components for TSI estimation.   
 
3.1 Boston Police Department Crime Laboratory Unit Retrospective Case Review 
A total of 355 BPD cases from 2009 to 2013 with corresponding SAECKs were 
examined for inclusion in Phase I.  After examining the serology test results on intimate 
swabs, 117 cases did not meet the criteria for inclusion as outlined in Section 2.1 and 
were excluded from further consideration.  In total, 238 sexual assault cases examined at 
the BPD met the criteria for inclusion.    
 
3.1.1  Maximum Persistence of Seminal Components 
The maximum detection times of the probative seminal components from vaginal, 
anorectal, and oral swabs from 238 BPD cases are presented in Table 3.  The maximum 
survival times for each of the seminal components are highest in samples from the 
vaginal cavity, in keeping with the literature.  In samples from the oral cavity, persistence 
is lower, and indeed rarer, than in the vaginal and anorectal cavities [26].  Previous 
studies demonstrate a low spermatozoa recovery rate (16%) from mouth swabs [38] and 
attribute the lower persistence of semen in the oral cavity to bacteria, rapid dilution with 
saliva or other consumed fluids, spitting, and swallowing [6,39,40].  In each of the 
intimate sampling sites, the maximum persistence of sperm heads is greater than that of 
intact spermatozoa, as is expected due to the fragile nature of the sperm flagellum, 
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previously discussed in Section 1.1.  The maximum persistence of P30 is relatively 
consistent across the three sampling sites. 
 
Table 3.  Maximum detection time of seminal components on vaginal, anorectal, and 
oral samples.  Data was collected from 238 BPD cases that occurred between 2009 and 
2013.   
Sample Type Seminal Component 
Maximum Detection 
Time (Hours) 
Vaginal (n=437) 
Intact Spermatozoa (n=46) 30.75 
Sperm Heads (n=359) 84* 
P30 (n=20) 19
† 
Anorectal (n=130) 
Intact Spermatozoa (n=1) 1.5 
Sperm Heads (n=81) 40.25 
P30 (n=4) 17 
Oral (n=106) 
Intact Spermatozoa (n=0) None Observed 
Sperm Heads (n=16) 21.5 
P30 (n=10) 20 
*One case with TSI of 105 hours was excluded because the victim had consensual sex 
between the assault and kit collection. 
†
One case with TSI of 24.5 hours was excluded because the victim had consensual sex 
within 5 days of kit collection at an unspecified time. 
 
There are considerable differences between the persistence values for intact 
spermatozoa, sperm heads, and P30 in the reported literature, as presented in Table 1, and 
these findings in all three of the intimate sampling sites.  The maximum TSI recorded for 
the detection of intact spermatozoa (30.75 hours) on vaginal swabs was over 3.5 days 
shorter than the maximum observed in the case study-based literature (120 hours) [1].  
Similarly, the maximum TSI for the microscopic identification of sperm heads on vaginal 
swabs was 84 hours in the BPD casework, 3.5 days shorter than the maximum reported in 
the literature (168 hours) [1].  The maximum TSI for the detection of P30 on vaginal 
swabs (19 hours) was considerably higher in BPD casework than the previously reported 
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casework maximum of 6 hours [17].  However, the P30 persistence in BPD casework still 
fell short of the detection times noted in the literature from volunteer participants (48 to 
60 hours) [18]. 
Samples from the anorectal cavity demonstrated a considerably lower maximum 
persistence of intact spermatozoa (1.5 hours) than the 40-hour maximum reported in the 
literature [1].  The longest TSI for an anorectal swab on which sperm heads were 
identified in BPD casework was 40.25 hours, falling just over one day short of the 
maximum report (65 hours) in the literature [19].  Prostate specific antigen was detected 
on anorectal swabs up to 17 hours after the alleged assault, a finding that is significant 
due to the lack of literature available on P30 detection in the anorectal cavity.  This 
finding also suggests that the decay of P30 is similar between the vaginal (n=19) and 
anorectal (n=4) cavities of female victims, though this should be interpreted with caution 
due to the small sample sizes. 
Intact spermatozoa in the oral cavity have not been microscopically observed on 
slides prepared from oral swabs in the last five years of BPD casework.  The maximum 
detection time of sperm heads in this study (21.5 hours) was similar to the maximum of 
24 hours reported in the literature [1].  Prostate specific antigen was detected on oral 
swabs up to 20 hours after the alleged assault.  This finding is significant because a 
comparable persistence figure has not yet been reported in the literature.  Additionally, 
this 20-hour detection limit (n=10) is similar to the maximum P30 detection times from 
vaginal (n=19) and anorectal (n=4) samples, suggesting that the decay of P30 may be 
consistent across all three cavities of female victims.  However, the presence of low 
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levels of P30 in female body fluids has been characterized in the literature [4,5] and thus 
the P30 immunoassay may be detecting endogenous antigens rather than the presence of 
semen. 
 
3.1.2  Microscopic Sperm Identification  
The distribution of vaginal, anorectal, and oral samples with positive microscopic 
identifications of sperm according to TSI is presented in Figure 5.  Of the 359 vaginal 
samples on which spermatozoa were microscopically observed, 40 (11.14%) were 
excluded from consideration in Section 3.1.2 because the TSI was not indicated on the 
SAECK forms, was presented as a large range of time, or was unknown to the victim.  
Eleven (13.58%) of the 81 anorectal samples and 3 (18.75%) of the 16 oral samples were 
similarly excluded.  
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Figure 5.  Time since intercourse distribution in samples with positive sperm 
identifications.  Data presented represents microscopic identification of intact 
spermatozoa and sperm heads in cases with a definitive TSI provided by the victim. 
Spermatozoa were observed on slides prepared from 319 vaginal swabs, 70 anorectal 
swabs, and 13 oral swabs. 
 
In 261 of the 319 (81.82%) vaginal swabs with positive microscopic observations 
of sperm, the victim reported a TSI of 24 hours or less.  Forty-four (13.79%) vaginal 
swabs corresponded to a victim reporting a TSI of two days.  The number of vaginal 
swabs with positive microscopic identification of sperm from victims 3, 4, and 5 days 
after their alleged assault were 9 (2.82%), 4 (1.25%), and 1 (0.31%), respectively.  From 
the distribution of these 319 samples on which the presence of spermatozoa was 
microscopically confirmed, there is a clear negative correlation with time.  As the TSI 
increases, the likelihood of a positive microscopic identification of sperm reduces 
dramatically. 
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There were 70 anorectal extract slides on which sperm were microscopically 
observed.  Sixty-six of the 70 (94.29%) reported a TSI of 24 hours or under and 4 
(5.71%) reported to the hospital for SAECK collection on the second day after the 
assault.  No spermatozoa were observed on anorectal extract slides prepared where TSI 
exceeded 48 hours (n=2).  These findings suggest that cases of anal assault stand the best 
chance for successful microscopic semen detection if the SAECK is collected within 24 
hours of the assault. 
There were 13 oral extract slides on which sperm were microscopically observed.  
All 13 (100.00%) were collected within 24 hours of the alleged assault.  Ten of the 13  
(76.92%) oral extract slides with microscopically observed sperm were collected within 
12 hours of the alleged assault.  No spermatozoa were observed on oral extract slides 
prepared where TSI exceeded 24 hours (n=2).  This finding suggests that cases of oral 
assault stand the best chance for successful microscopic semen detection if the SAECK is 
collected in the 12 hours immediately following the assault.  Further, these findings 
support the guideline for the collection and testing of oral swabs up to 24 hours after 
penile penetration utilized at the BPD Crime Laboratory [7,41]. 
Of the 359 vaginal extract slides on which sperm was microscopically observed, 
57 (15.88%) had intact spermatozoa. The observation of intact spermatozoa was only 
noted on one (1.23%) of the 81 anorectal extract slides on which sperm was 
microscopically identified.  Sperm heads have been microscopically observed on 16 oral 
extract slides over the past five years, but none contained intact spermatozoa (0.00%).  It 
should be noted, however, that it was not common practice among BPD analysts to 
 26 
indicate the microscopic observation of sperm tails in cases examined before 2012, 
though it was done at the discretion of the analyst in some instances. 
 
3.1.3  Prostate Specific Antigen Persistence 
The P30 persistence data from the 238 BPD cases examined in Phase I is limited.    
Though each of these cases had between 2 and 6 intimate samples, only 208 P30 tests 
were performed in total.  As outlined in Figure 3, P30 testing was only conducted on a 
particular swab at the BPD laboratory after the swab tested positive for acid phosphatase 
with the AP Spot test and no spermatozoa were observed when the prepared extract slide 
was stained and microscopically examined.  If spermatozoa were observed on an extract 
slide, P30 testing was not conducted for that sample since the presence of semen had 
already been confirmed.   
Forty-one samples had positive P30 results, though 6 samples were excluded 
because TSI provided by the victim was a large range of time.  A mere 33 (15.87%) of 
the 208 samples remained, making it difficult to draw inferences from the data available.  
A breakdown of the samples with positive P30 test results according to time since 
intercourse is presented in Figure 6.   
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Figure 6.  Time since intercourse distribution in samples with positive P30 test 
results.  Data presented represents positive P30 results in cases with a definitive TSI 
provided by the victim.  Positive P30 results were achieved from extracts prepared from 
20 vaginal swabs, 6 anorectal swabs, and 7 oral swabs. 
 
Twenty-three of the 75 (30.67%) P30 tests conducted on vaginal swab extracts 
were positive. Two of the positive results were excluded for TSI considerations because 
the victim did not provide an estimate of the TSI and another was excluded because the 
victim had consensual sex between the alleged assault and the collection of the SAECK.  
Ten of the 83 (12.05%) P30 tests conducted on oral swab extracts were positive.  One of 
the positive results was excluded from further consideration because the victim provided 
a 24-hour time window within which the alleged assault occurred and two more were 
excluded because a 12-hour time range was provided.  Eight of the 50 (16.00%) P30 tests 
conducted on anorectal swab extracts were positive.  Two of the positive results were 
excluded because the hospital examination forms A (Appendix A) and B (Appendix B) 
were not included in the case file and thus TSI estimation was not possible. 
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Though the sample size is limited, there appears to be a negative correlation 
between the ability to detect P30 with an ABAcard
®
 P30 Test and TSI amongst all of the 
sample types.  However, P30 was not detected past 24 hours from vaginal, anorectal, or 
oral swab extracts, indicating that it might drop below the 4 ng/mL detection level of the 
assay by that point [42]. 
 
3.1.4  Circumstances of Alleged Assault 
Table 4 presents the victim’s report of some of the circumstances of the assault 
from cases examined in Phase I with victims who recalled the type of the assault that they 
sustained.  Using a one-tailed Fisher’s exact test for significance, none of the post-coitus 
activities were found to have a significant correlation (α=0.05) with the presence of 
sperm for patients who were alleged victims of vaginal or anal assaults.  The victim’s 
report of ejaculation (p=0.03) and report of menstruation (p=0.03) were found to have a 
significant correlation with the presence of sperm for patients who were allegedly orally 
assaulted.  Though the sample size was small (n=2) for victims of oral assault who 
reported that they were menstruating at the time of assault, P30 detection in saliva during 
the early follicular phase of menstruation, when menses occurs, has been reported in the 
literature [43]. 
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Table 4.  Victims’ report of the circumstances of the assault.  One-tailed Fisher’s exact 
test for significance was performed to evaluate the correlation between circumstances of assault 
and the microscopic observation of sperm.  Where sample size was less than 2, Fisher’s exact 
testing was not performed. 
Circumstances  
of Assault 
Vaginal 
Assault 
(n=153) 
p-value 
Anal 
Assault 
(n=26) 
p-value 
Oral 
Assault 
(n=41) 
p-value 
Condom Used 9 0.31 1 -- 0 -- 
Victim Menstruating 3 0.07 1 -- 2 0.03 
Report of Ejaculation 80 0.57 7 0.17 9 0.03 
Contraception       
Oral 11 0.71 1 -- 5 0.37 
Intrauterine Device 9 0.81 2 0.47 3 0.56 
Depo Shot 5 1.00 0 -- 2 0.68 
NuvaRing 4 1.00 1 -- 0 -- 
Tubal Ligation 6 1.00 2 0.47 1 -- 
       
Number of Cases with 
Intact Sperm 30  0  0  
Number of Cases with 
Sperm Heads 115  17  7  
Number of Cases with  
No Sperm 8  9  34  
 
In keeping with the findings in previous studies, the victim is not always accurate 
with reports of ejaculation, as evidenced by the large discrepancy in the number of cases 
where ejaculation was reported versus the number of cases in which spermatozoa was 
observed. These discrepancies are far more disparate in cases of vaginal and anal assault 
than in oral assaults, presumably due to the nature of the assaults. 
 
3.1.5  Post-Coitus Activities Reported by the Victim 
During the forensic examination, the victim is asked about his or her activities 
between the alleged assault and the collection of the SAECK.  These post-coitus activities 
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of the victim are noted on the hospital examination forms 2A (Appendix A) and 2B 
(Appendix B).  Table 5 presents the post-coitus activities of victims of vaginal, anal, and 
oral assault in cases examined in Phase I who recalled the type of the assault that they 
sustained.  Using a one-tailed Fisher’s exact test for significance, none of the post-coitus 
activities were found to have a statistically significant correlation (α=0.05) with the 
presence of sperm.  Though some of the sample sizes were small, this finding indicates 
that the diminution of sperm cannot be attributed to these post-coitus activities. 
 
Table 5.  Victims’ reported post-coitus activities in relation to type of assault 
sustained.  One-tailed Fisher’s exact test for significance was performed to evaluate the 
correlation between post-coitus activities and the microscopic observation of sperm.  Where 
sample size was less than 2, Fisher’s exact testing was not performed.  Where post-coitus 
activities were deemed irrelevant to the sampling site, values were omitted. 
Post-Coitus Activities 
Vaginal 
Assault 
(n=153) 
p-value 
Anal 
Assault 
(n=26) 
p-value 
Oral 
Assault 
(n=41) 
p-value 
Changed Clothes 50 0.07 7 0.33 14 0.33 
Washed Off 44 0.14 5 0.17 16 0.13 
Bathed/Showered 23 0.59 2 0.42 7 0.24 
Brushed Teeth     7 0.24 
Used Mouthwash     1 -- 
Used Enema   1 --   
Smoked Cigarettes     20 0.29 
Taken in Fluid     27 0.28 
Urinated 123 0.93 17 0.33   
Defecated 30 0.64 2 0.47   
Vomited     8 0.15 
No Reported Activity 7 -- 2 --  -- 
       
Number of Cases with 
Intact sperm 30  0  0  
Number of Cases with 
Sperm Heads 115  17  7  
Number of Cases with 
No Sperm 8  9  34  
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In summation, the totality of the circumstances of a sexual assault case and the 
methods of SAECK processing must be considered before TSI estimation is attempted.  
Additionally, if comparisons to values presented in the literature are being made, whether 
verbally, in a forensic case report, or in a courtroom setting, these sources should be 
carefully scrutinized to ensure that they are indeed suitable for comparison.  Finally, 
extreme caution should be taken when providing a TSI estimation so as not to overstate 
or undermine the findings of a particular case.  
 
3.2  Direct Comparison of Smear and Extract Slides 
Of the 238 cases evaluated in Phase I, 95 BPD cases that occurred between 2011 
and 2013 met the inclusion criteria, as outlined in Section 2.2, and were examined in 
Phase II.  The distribution of the 185 smear and extract slide pairs from these 95 cases 
with respect to the reported TSI is depicted in Figure 7.  
 
Figure 7.  Reported time since intercourse in 185 smear and extract slide pairs.  
Slides were examined from 95 cases. 
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Though kits can be collected up to five days past an incident of sexual assault in 
Massachusetts, oral swabs are not collected or processed at the BPD Crime Laboratory if 
more than 24 hours has elapsed [7,44].  The vast majority of victims in the 95 cases 
examined reported to the hospital for SAECK collection within two days of the alleged 
assault.  In terms of slide pairs examined, 154 out of the total 185 slide pairs (83.24%) 
corresponded to cases with TSI of 24 hours or less.  Twenty-six of the total 185 slide 
pairs (14.05%) were from SAECKs collected on the second day after the alleged assault.  
In total, 180 of the 185 slide pairs (97.30%) examined were from SAECKs obtained 
within two days of the alleged assault.  
The reported TSI for the 133 vaginal slide pairs ranged from 1 to 105 hours, with 
an average of 18.27 ± 16.09 hours and a median of 14 hours.  For the 40 anorectal slide 
pairs, the reported TSI ranged from 1.5 to 43 hours, with an average of 9.75 ± 9.07 hours 
and a median of 8.38 hours.  The reported TSI for the 12 oral slide pairs ranged from 1 to 
24 hours, with an average of 9.27 ± 8.08 hours and a median of 6.5 hours.  
The range and distribution of the percentage of intact spermatozoa found on the 
190 smear and extract slides on which intact sperm were observed, arranged by sampling 
site and preparation method, is shown in Figure 8.  The percentage of intact spermatozoa 
was calculated by dividing the number of intact spermatozoa by the total number of 
sperm observed on the designated observation area of the slide.  The median percentage 
of intact spermatozoa was higher on smear slides than on extract slides in vaginal and 
anorectal samples.  The median percentage of intact spermatozoa was 8.98% on vaginal 
smear slides with a maximum of 59.02% (n=95).  For vaginal extract slides, the median 
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percentage of intact spermatozoa was 6.96%, with a maximum of 50.00% (n=66).  The 
median percentage of intact spermatozoa was 2.78% on anorectal smear slides with a 
maximum of 73.83% (n=10). For anorectal extract slides, the median percentage of intact 
spermatozoa was 1.29% with a maximum of 9.64% (n=14).  Intact spermatozoa were 
only observed on one oral smear slide (percentage intact spermatozoa 27.27%), thus the 
range and distribution of intact spermatozoa could not be depicted in the box-and-whisker 
plot.  For oral extract slides, the median percentage of intact spermatozoa was 5.24%, 
with a maximum of 8.33% (n=4).    
 
Figure 8.  Range and distribution of intact spermatozoa on 190 smear and extract 
slides.  Data included for slides with intact spermatozoa observed. 
 
The maximum percentage of intact sperm was lower for extract slides than for 
smear slides for all three intimate sampling sites.  The vaginal smear and extract slides 
exhibited the widest interquartile range of the three sampling sites, which may be 
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indicative of the larger sample size.  The median and interquartile range of the oral 
extract slides are of limited utility due to the small sample size and the absence of 
comparable values for oral smear slides.  They do provide evidence, however, that the 
observation of sperm heads is rare and a significant finding on oral smear and extract 
slides.  
 
3.2.1  Direct Comparison of Vaginal Smear and Extract Slides 
The range and distribution of the persistence of intact spermatozoa and sperm 
heads on vaginal smear and extract slides is presented in Figure 9.  The median time for 
observation of intact spermatozoa on vaginal smear and extract slides are very similar, at 
13.0 and 14.25 hours, respectively, while the average times are slightly higher at 16.20 ± 
11.65 and 15.06 ± 10.52 hours, respectively.  Though the median time of observation of 
intact spermatozoa on extract slides was greater than that of smear slides, it is important 
to note the higher mean (16.20 hours) and maximum (43 hours) values of the smear 
slides. 
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Figure 9.  Persistence of intact spermatozoa and sperm heads on vaginal smear and 
extract slides. 
 
This corroborates findings in previous studies that the observation of intact 
spermatozoa is significant and common in the first 24 hours after an alleged assault.   The 
maximum persistence as reported in casework-based studies (120 hours) and model-
population-based studies (9 days) are not supported [1,12].  Based on the maximum 
persistence values of intact spermatozoa on smear (43 hours) and extract slides (41.5 
hours) observed in this study, if intact spermatozoa are identified on vaginal smear or 
extract slides, a TSI estimation of 48 hours or less would be appropriate.  However, since 
the sample size for sperm-positive swabs collected after 48 hours was quite small (n=5), a 
more definitive TSI estimation should be recalculated after more data is obtained for 
extended timeframes. 
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The median times for the observation of only sperm heads on vaginal smear and 
extract slides were 16.50 and 14.00 hours, respectively.  The mean times for observing 
only sperm heads on vaginal smear and extract slides were higher at 23.45 ± 23.24 and 
21.44 ± 19.70 hours, respectively.  Though the median time of observing only sperm 
heads on extract slides is approximately equivalent the median values of the observation 
of intact sperm, the range of TSI exhibited in the smear and extract slides presenting only 
sperm heads is significantly greater.  Based on the maximum persistence values of sperm 
heads on smear (105 hours) and extract slides (105 hours) observed in this study, if only 
sperm heads (i.e. without tails) are observed on vaginal smear or extract slides, a TSI 
estimation of 5 days or less would be appropriate.  Casework samples were not available 
with TSI exceeding 5 days, however, so this value could not properly be compared to the 
persistence values reported in the casework-based studies (168 hours) and model 
population-based studies (9 days) and thus should be interpreted with caution [1,12].   
The distribution of the percentage of intact spermatozoa over time on 133 vaginal 
smear and extract slide pairs is presented in Figure 10.  A weak negative correlation 
exists between the percentage of intact spermatozoa and time of smear (coefficient of 
determination (R
2
) 0.0102) and extract slide collection (R
2
=0.0084), in contrast to the 
findings of Astrup who found no relationship between the two [17].  The large 
discrepancies between the percentage of intact sperm found on cases with the same TSI, 
resulting in the low coefficient of determination, is likely due to the differing 
circumstances of the assaults as discussed in section 3.1.4.  These differences include, but 
are certainly not limited to, differences in the volume and sperm content of the ejaculate 
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as well as the post-coitus activities of the victim as discussed in section 3.1.5.  This 
variability is inherent since no victim, assailant, or assault is identical, but further data 
collection would be expected to aid in the linearization of the percentage of intact sperm 
data over time.   
 
Figure 10.  Percentage of intact spermatozoa over time on vaginal smear and extract 
slides. 
 
The percentage of intact spermatozoa is, on average, greater on smear slides than 
on extract slides. A one-tailed paired Student’s T-test analysis was used to calculate an 
average difference of percentage of intact spermatozoa between vaginal smear and 
extract slides of 1.87% (95% Confidence Interval (CI) 1.00% - 2.734%).  As such, this 
study found that the higher percentage of intact sperm on smear slides than on extract 
slides is statistically significant.   
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From a case-centric view, there were 5 slides from a total of 5 cases where intact 
sperm were observed on the extract slide, but no intact sperm were observed on the smear 
slide.  For 3 of these 5 cases, the second smear slide presented intact spermatozoa, in 
keeping with the corresponding extract slide findings.  In the other 2 cases, there was 
either 1 smear slide or there were 2 smear slides that correlated with each other, but in 
either case, the smear slides did corroborate the findings of the associated extract slide.   
In contrast, there were 34 slides from a total of 23 cases where intact spermatozoa 
were observed on the smear slide, but none were observed on the corresponding extract 
slide.  For 8 of these 23 cases, the second extract slide corroborated the finding of intact 
sperm.  In the other 15 cases, there was not a second extract slide or it was prepared but it 
also did not present intact sperm cells. 
It is important to note that there were no cases where intact sperm was identified 
on one slide type but no intact spermatozoa or sperm heads were identified on the other 
slide type.  There was, however, 1 case where sperm heads were identified on the lone 
extract slide and no sperm was present on the corresponding smear slide.   
  
3.2.2  Direct Comparison of Anorectal Smear and Extract Slides 
The range and distribution of the persistence of intact spermatozoa and sperm 
heads on anorectal smear and extract slides is presented in Figure 11.  The median time 
for observation of intact spermatozoa on anorectal smear and extract slides were very 
similar, at 3.75 hours and 3.5 hours, respectively, while the average times were higher at 
8.05 ± 12.51 hours and 4.71 ± 3.15 hours, respectively.  The maximum TSI for which 
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intact spermatozoa were observed was much higher on anorectal smear slides (43 hours) 
than on anorectal extract slides (13 hours).  
 
Figure 11.  Persistence of intact spermatozoa and sperm heads on anorectal smear 
and extract slides. 
 
This distribution indicates that the finding of intact spermatozoa on slides 
prepared from anorectal swabs is significant and common in the first 12 hours after an 
alleged assault.  Intact spermatozoa were observed at up to 43 hours, similar to the 
maximum persistence as reported in the literature (40 hours) [1].  The next highest TSI 
for which intact spermatozoa were observed on anorectal smear slides was 9 hours, 
indicating that the case presenting intact sperm after 43 hours may be a significant 
outlier.  Assuming this to be true, a TSI estimation of 12 hours or less is appropriate if 
intact spermatozoa are identified on anorectal smear or extract slides.  
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The median times for the observation of only sperm heads on anorectal smear and 
extract slides were 9.25 and 9.50 hours, respectively, and the mean times were 10.46 ± 
8.21 and 12.46 ± 10.06 hours, respectively.  The maximum TSI for which only sperm 
heads were observed on each slide type was equivalent at 43 hours, nearly 1 day less than 
the maximum reported in the literature (65 hours) [15].  This distribution indicates that 
sperm heads are commonly observed in the first 12 hours after an alleged assault.  Based 
on the maximum persistence of sperm heads anorectal smear and extract slides (43 hours) 
and the small sample sizes (n=10 and n=14, respectively), if only sperm heads are 
observed on either of these slide types, a conservative TSI estimation of 48 hours or less 
is appropriate.  
The distribution of the percentage of intact spermatozoa over time on 40 anorectal 
smear and extract slide pairs is presented in Figure 12.  A weak negative correlation 
exists between the percentage of intact spermatozoa and time on smear (R
2
=0.0436) and 
extract (R
2
=0.0314) slides.  On average, anorectal smear slides exhibit a higher 
percentage of intact sperm than extract slides. 
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Figure 12.  Percentage of intact spermatozoa over time on anorectal smear and 
extract slides. 
 
The smear and extract slide trend lines also demonstrate that the percentage of 
intact spermatozoa is, on average, greater on anorectal smear slides than on extract slides.  
A one-tailed paired Student’s T-test analysis was used to calculate the average difference 
between the percentage of intact spermatozoa on anorectal smear and extract slides of 
1.52% (95% CI -1.37% - 4.41%).  This finding indicates that the difference in the 
percentage of intact sperm on anorectal smear slides and extract slides was not 
statistically significant. 
 
3.2.3  Direct Comparison of Oral Smear and Extract Slides 
The range and distribution of the persistence of intact spermatozoa and sperm 
heads on oral smear and extract slides is presented in Figure 13.  Intact spermatozoa were 
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only observed on one smear slide from a case with TSI of 3.75 hours.  The median TSI 
for observation of intact spermatozoa on extract slides is at 3.75 hours, while the average 
time is 3.38 ± 1.69 hours (n=4).  The maximum TSI for which intact spermatozoa were 
observed was higher on oral extract slides (5 hours) than on oral smear slides (3.75 
hours). 
 
Figure 13.  Persistence of intact spermatozoa and sperm heads on oral smear and 
extract slides. 
 
This distribution indicates that the finding of intact spermatozoa on slides 
prepared from oral swabs is rare and significant.  Intact spermatozoa were observed at up 
to 5 hours on oral extract slides, falling below the maximum persistence as reported in the 
literature (13 hours) [13].  Based on the maximum persistence values of intact sperm on 
smear (3.75 hours) and extract slides (5 hours) observed in this study, if intact 
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spermatozoa are observed on oral smear or extract slides, a TSI estimation of 6 or less 
would be appropriate. 
The median times for the observation of only sperm heads (no tails) on oral smear 
and extract slides were 8 and 9.88 hours, respectively, and the mean times were 9.77 ± 
8.28 and 12.22 ± 8.46 hours, respectively.  The maximum TSI for which only sperm 
heads were observed was 24 hours on oral smear slides (n=11) and 24 hours on oral 
extract slides (n=8).  These values are equivalent to the maximum reported in the 
literature (24 hours) [1].  These results suggest that if only sperm heads are observed, a 
TSI estimation of 24 hours or less is appropriate.  
The distribution of the percentage of intact spermatozoa over time on 12 oral 
smear and extract slide pairs is presented in Figure 14.  A weak negative correlation 
exists between the percentage of intact spermatozoa and time on smear (R
2
=0.0463) and 
extract (R
2
=0.2128) slides.   
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Figure 14.  Percentage of intact spermatozoa over time on oral smear and extract 
slides. 
 
The smear and extract slide trend lines also demonstrate that the percentage of 
intact spermatozoa is, on average, greater on anorectal smear slides than on extract slides.  
A one-tailed paired Student’s T-test analysis was used to calculate an average difference 
between the percentage of intact spermatozoa on oral smear and extract slides of 0.53% 
(95% CI -3.69% - 4.75%).  As such, this study found that there is no statistically 
significant difference in the percentage of intact sperm on oral smear slides and extract 
slides. 
 
3.3  Evaluation of Two-Spin Extraction Procedure 
When a detectable difference in the average percentage of intact sperm on smear 
slides and extract slides prepared from vaginal, anorectal, and oral samples was 
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discovered in Phase II, data was collected to determine whether or not the two-spin 
extraction procedure currently employed at the BPD Crime Laboratory is causing a loss 
of sperm tails.  Additionally, these slides were observed to see if cellular yield increased 
with the inclusion of the second microcentrifuge spin cycle. 
 
3.3.1  Percentage of Intact Spermatozoa Comparisons 
One-tailed Student’s paired t-tests were used to compare the means between 
different slide preparation techniques at each dilution to determine whether or not there 
was a significant loss of sperm tails.  Welch’s approximation was used to calculate the 
degrees of freedom in each case to account for the unequal variances.  Critical t values 
were calculated at an alpha-level of 0.05 with the degrees of freedom as determined by 
Welch’s approximation. When the T value obtained from the one-tailed paired t-test 
exceeded the critical t value, the null hypothesis (percentage of intact sperm is equal) was 
rejected in favor of the alternative hypothesis (percentage of intact sperm decreased).   
A summary of the triplicate data of the percentage of intact spermatozoa observed 
on smear and extract slides prepared by the standard BPD Crime Lab protocol is 
presented in Table 6.  None of the T values calculated to compare the mean values of the 
smear slides and the standard extract slides at each dilution exceeded the critical t values, 
indicating that there is no significant difference between the percentage of intact sperm 
on smear and extract slides at any one of the dilutions tested.  However, when taken as a 
whole, the average difference between the means across all of the dilutions used was 
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28.59% (95% CI 22.13% - 35.04%).  This suggests that the preparation of standard 
extract slides causes a statistically significant loss of intact sperm. 
 
Table 6.  Summary of percentage of intact sperm on smear and extract slide data.  
Data was collected in triplicate and is represented in percentage points.  Student’s paired 
t-test using Welch’s approximation of unequal variances was used to compare the means 
of the standard extract slides to the means of the smear slides at each dilution (T).  The 
standard deviation (SD) associated with the mean of the triplicate data at each dilution is 
presented. 
Dilution 
Smear Slides Extract Slides 
T 
Mean Variance SD Mean Variance SD 
1:2 71.97 115.48 10.75 29.22 87.73 9.37 0.72 
1:4 71.85 141.30 11.89 29.91 6.25 2.50 0.73 
1:8 62.08 322.90 17.97 17.07 41.51 6.44 0.34 
1:16 53.84 95.51 9.77 28.05 26.25 5.12 0.64 
1:32 53.97 61.43 7.84 27.44 0.15 0.38 1.06 
1:64 53.92 31.93 5.65 31.48 500.17 22.36 0.11 
1:128 51.33 13.68 3.70 32.12 687.42 26.22 0.07 
1:256 39.96 538.88 23.21 14.04 182.20 13.50 0.11 
1:512 37.73 130.58 11.43 26.80 32.04 5.66 0.20 
1:1024 46.79 97.07 9.85 21.43 153.06 12.37 0.34 
 
Table 7 provides a summary of the triplicate data of the percentage of intact 
spermatozoa on one-spin extract slides.  Following the same method of analysis, the 
mean values at each of the dilutions of the one-spin extract slides were compared to the 
mean values of the smear and standard extract slides, presented in Table 6.  None of the T 
values calculated to compare the mean values of the smear slides and the one-spin extract 
slides at each dilution exceeded the critical t values, indicating that there is no significant 
difference between the percentage of intact sperm on smear and one-spin extract slides at 
any of the dilutions tested.  The average difference between the means across all of the 
dilutions used was 42.45% (95% CI 38.76% - 46.15%), indicating a substantial and 
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statistically significant loss of intact sperm between the preparation of smear slides and 
one-spin extract slides. 
 
Table 7.  Summary of percentage of intact sperm on one-spin extract slide data.  
Data was collected in triplicate and is represented in percentage points.  Student’s paired 
t-test using Welch’s approximation of unequal variances was used to compare the means 
of the one-spin extract slides to the means of the smear and standard extract slides at each 
dilution. 
Dilution 
Extract Slides (One-Spin) T  
(Smear - One-Spin 
Extract) 
T  
(One-Spin Extract - 
Standard Extract) 
Mean Variance SD 
1:2 30.31 22.50 4.74 0.87 0.03 
1:4 21.22 51.68 7.19 0.82 -0.41 
1:8 17.99 26.76 5.17 0.33 0.05 
1:16 9.76 16.04 4.01 1.11 -1.46 
1:32 4.81 8.66 2.94 1.94 
-6.40 
1:64 10.00 100.00 10.00 1.02 -0.10 
1:128 12.30 215.89 14.69 0.44 -0.07 
1:256 4.17 52.08 7.22 0.16 -0.13 
1:512 8.33 208.33 14.43 0.29 -0.21 
1:1024 0.00 0.00 0.00 1.18 -0.34 
 
None of the T values calculated to compare the mean values of the one-spin 
extract slides and the standard extract slides at each dilution exceeded the critical t 
values, indicating that there is no significant difference between the percentage of intact 
sperm on one-spin and standard extract slides at any of the dilutions tested.  The average 
difference between the means across all of the dilutions used, however, was -13.87% 
(95% CI -19.17% - -8.56%), indicating that the percentage of intact sperm is statistically 
significantly higher on standard extract slides than on one-spin extract slides. This may 
indicate that intact sperm do not elute from the sample swabs as readily with only one 
spin microcentrifuge spin cycle. 
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Triplicate data of the percentage of intact spermatozoa observed on two-spin 
cutting and two-spin pellet extract slides is summarized in Table 8.  As outlined in 
section 2.3.3, two-spin cutting slides were prepared from the second spin of the swab 
cutting in a new microcentrifuge tube to measure the efficacy of cellular elution from the 
swab cutting solely from the second spin cycle.  In contrast, two-spin pellet slides were 
prepared, as outlined in section 2.3.4, by centrifuging the pellet from the one-spin extract 
samples a second time to measure the loss of sperm tails caused by the second 
microcentrifuge spin cycle.   
 
 
Table 8.  Summary of percentage of intact sperm on two-spin cutting and two-spin 
pellet extract slide data.  Data was collected in triplicate and is represented in 
percentage points.  Student’s paired t-test using Welch’s approximation of unequal 
variances was used to compare the means of the two-spin cutting and two-spin pellet 
extract slides to the means of the one-spin extract slides at each dilution. 
Dilution 
Extract Slides (Two-Spin 
Cutting) T 
Extract Slides (Two-Spin 
Pellet) T 
Mean Variance SD Mean Variance SD 
1:2 5.56 92.59 9.62 0.64 12.56 0.92 0.96 1.93 
1:4 19.14 728.17 26.98 0.01 32.60 23.18 4.81 -0.49 
1:8 33.33 3333.33 57.74 -0.01 39.28 4.19 2.05 -1.92 
1:16 33.33 3333.33 57.74 -0.02 35.70 22.80 4.77 -2.28 
1:32 0.00 0.00 0.00 1.36 2.89 41.27 6.42 0.11 
1:64 0.00 0.00 0.00 0.24 33.33 133.33 11.55 -0.34 
1:128 0.00 0.00 0.00 0.14 71.96 0.00 0.00 -0.68 
1:256 0.00 0.00 0.00 0.20 17.36 0.00 0.00 -0.62 
1:512 0.00 0.00 0.00 0.10 69.44 0.00 0.00 -0.72 
1:1024 0.00 0.00 0.00 -- 0.00 0.00 0.00 -- 
 
None of the T values calculated to compare the mean values of the one-spin 
extract slides to the mean values of the two-spin cutting and two-spin pellet extract slides 
at each dilution exceeded the critical t values, indicating that there is no significant 
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difference between the percentage of intact sperm on one-spin extract slides and two-spin 
cutting or two-spin pellet extract slides at any of the dilutions tested.  When taken as a 
whole, the average difference between the means across all of the dilutions between one-
spin and two-spin cutting extract slides was 13.87% (95% CI -5.20% - 10.71%).  Because 
the 95% CI contains zero, the null hypothesis that the percentage of intact sperm on one-
spin and two-spin cutting extract slides is the same cannot be rejected.  This finding did 
not support the idea that intact sperm are eluted at a higher frequency from the second 
spin cycle. 
The average difference between means across all of the dilutions between one-
spin and two-spin pellet extract slides was -19.62% (95% CI -34.26% - -4.99%).  This 
unanticipated significant difference indicates that the percentage of intact sperm was, in 
fact, higher on two-spin pellet extract slides than one one-spin extract slides.  Random 
sampling of 3 µL from the 20 µL concentrated extract might account for the discrepancy 
in the percentage of intact spermatozoa observed. 
This study demonstrates that there is a significant loss of sperm tails between the 
preparation of smear slides and extract slides.  However, this decrease in the percentage 
of intact spermatozoa could not be conclusively attributed to the second spin cycle.  
 
3.3.2  Sperm Yield Comparisons 
One-tailed Student’s paired t-tests were then used to compare the means between 
different slide preparation techniques at each dilution to determine whether or not there 
was a loss in total cellular yield.  As in section 3.3.1, Welch’s approximation was used to 
 50 
calculate the degrees of freedom in each case to account for the unequal variances.  
Critical t values were calculated at an alpha-level of 0.05 with the degrees of freedom as 
determined by Welch’s approximation. When the T value obtained from the one-tailed 
paired t-test exceeded the critical t value, the null hypothesis (cellular yield is consistent) 
was rejected in favor of the alternative hypothesis (cellular yield decreased).  It should be 
noted that cellular yield refers only to the spermatozoa observed, not epithelial cells 
which were not counted.   
Triplicate data of the number of spermatozoa observed on smear and extract slides 
prepared by the standard BPD Crime Lab protocol is summarized in Table 9.  None of 
the T values calculated to compare the mean values of the smear slides and the standard 
extract slides at each dilution exceeded the critical t values, indicating that there is no 
significant difference in the cellular yield between smear and extract slides at any one of 
the dilutions tested.  However, when grouped as a whole, the average difference between 
the means across all of the dilutions used was 3371.37 (95% CI 935.23 - 5807.50).  This 
suggests that the preparation of standard extract slides causes a significant loss of sperm 
cells. 
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Table 9.  Summary of number of sperm on smear and extract slide data.  Data was 
collected in triplicate.  Student’s paired t-test using Welch’s approximation of unequal 
variances was used to compare the means of the standard extract slides to the means of 
the smear slides at each dilution. 
Dilution 
Smear Slides Extract Slides (Standard) 
T 
Mean Variance SD Mean Variance SD 
1:2 12983 64417269 8026.04 2029.33 4653681.33 2157.24 0.00 
1:4 11049 139070743 11792.83 1642.67 2562986.33 1600.93 0.00 
1:8 7506 2123532 1457.23 696.33 350254.33 591.82 0.01 
1:16 4075 168013 409.89 234 23841 154.41 0.06 
1:32 1799.33 541509.33 735.87 135 988 31.43 0.01 
1:64 409.67 102761.33 320.56 118.67 15465.33 124.36 0.01 
1:128 382.67 9424.33 97.08 60 2899 53.84 0.08 
1:256 208.67 24782.33 157.42 16 121 11.00 0.02 
1:512 169 13053 114.25 8 61 7.81 0.03 
1:1024 80 849 29.14 8.67 22.33 4.73 0.21 
 
Table 10 provides a summary of the triplicate data of the number of spermatozoa 
on one-spin extract slides.  The mean values at each of the dilutions of the one-spin 
extract slides were compared to the mean values of the smear and standard extract slides, 
presented in Table 9.  None of the T values calculated to compare the mean values of the 
smear slides and the one-spin extract slides at each dilution exceeded the critical t values, 
indicating that there is no significant difference between the cellular yield on smear and 
one-spin extract slides at any of the dilutions tested.  The average difference between the 
means across all of the dilutions used was 3724.90 (95% CI 996.92 - 6452.88), indicating 
a substantial loss of sperm cells between the preparation of smear slides and one-spin 
extract slides. 
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Table 10.  Summary of number of sperm on one-spin extract slide data.  Data was 
collected in triplicate.  Student’s paired-test using Welch’s approximation of unequal 
variances was used to compare the means of the one-spin extract slides to the means of 
the smear and standard extract slides at each dilution. 
Dilution 
Extract Slides (One-Spin) T  
(Smear - One-
Spin Extract) 
T  
(One-Spin Extract – 
Standard Extract) 
Mean Variance SD 
1:2 753.00 472699.00 687.53 0.00 0.00 
1:4 263.67 42632.33 206.48 0.00 0.00 
1:8 240.67 74382.33 272.73 0.01 0.00 
1:16 84.67 7345.33 85.70 0.06 -0.01 
1:32 42.00 325.00 18.03 0.01 -0.22 
1:64 7.33 6.33 2.52 0.01 -0.02 
1:128 11.67 116.33 10.79 0.10 -0.04 
1:256 4.33 12.33 3.51 0.02 -0.23 
1:512 4.00 1.00 1.00 0.03 -0.16 
1:1024 2.00 7.00 2.65 0.23 -0.70 
 
Additionally, none of the T values calculated to compare the mean values of the 
one-spin and standard extract slides at any dilution exceeded the critical t values, 
indicating that there is no significant difference between the cellular yield on one-spin 
and standard extract slides at any of the dilutions tested.  The average difference between 
the means across all of the dilutions used was -353.53 (95% CI -661.14 - -45.92), 
indicating a substantial decrease in cellular yield when swabs are only subjected to one 
centrifugation cycle. 
Triplicate data of the cellular yield observed on two-spin cutting and two-spin 
extract slides is summarized in Table 11.  In all but two cases (1:512 dilution of two-spin 
cutting and two-spin pellet extract slides), the T values calculated to compare the mean 
values of the one-spin extract slides to the mean values of the two-spin cutting and two-
spin pellet extract slides at each dilution failed to exceed the critical t values.  This 
indicates that there is no significant difference between the percentage of intact sperm on 
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one-spin extract slides and two-spin cutting or two-spin pellet extract slides at any of the 
dilutions tested, except for the 1:512 dilution.  When taken as a whole, the average 
difference between the means across all of the dilutions between one-spin and two-spin 
cutting extract slides was 139 (95% CI 3.64 - 275.63).  This significantly lower cellular 
yield on two-spin cutting extract slides demonstrates that the second centrifugation cycle, 
which involves adding 500 µL to the swab cutting and re-spinning for 5 minutes at 
14,000 RPM, yields very few sperm cells and may not be fruitful.  
 
Table 11.  Summary of number of sperm on two-spin cutting and two-spin pellet 
extract slide data.  Data was collected in triplicate.  Student’s paired t-test using Welch’s 
approximation of unequal variances was used to compare the means of the two-spin 
cutting and two-spin pellet extract slides to the means of the one-spin extract slides at 
each dilution. 
Dilution 
Extract Slides 
(Two-Spin Cutting) T 
Extract Slides (Two-Spin 
Pellet) T 
Mean Variance SD Mean Variance SD 
1:2 5.00 39.00 6.24 0.00 290.00 86476.00 294.07 0.00 
1:4 9.67 226.33 15.04 0.01 77.67 2145.33 46.32 0.01 
1:8 1.33 0.33 0.58 0.01 82.33 1852.33 43.04 0.01 
1:16 0.67 0.33 0.58 0.03 25.33 250.33 15.82 0.02 
1:32 0.00 0.00 0.00 0.32 21.67 186.33 13.65 0.13 
1:64 0.33 0.33 0.58 2.70 4.00 1.00 1.00 1.27 
1:128 0.00 0.00 0.00 0.25 3.00 27.00 5.20 0.18 
1:256 0.00 0.00 0.00 0.86 0.00 0.00 0.00 0.86 
1:512 0.00 0.00 0.00 9.80 0.67 0.33 0.58 7.75 
1:1024 0.00 0.00 0.00 0.70 1.33 2.33 1.53 0.22 
 
When the two-spin pellet extract slides were prepared, only a sterile 
microcentrifuge tube basket and distilled water were added between centrifuge cycles.  
Additionally, the cutting was removed so that no further cellular material could be 
extracted.  The average difference between means across all of the dilutions between one-
spin and two-spin pellet extract slides, however, was significant at 90.73 (95% CI 5.24 - 
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176.23).  Because no cellular material was introduced to explain the significant loss, the 
discrepancy might be due to the removal of the 3 µL used to prepare the one-spin extract 
slide, which decreased the amount of cellular material available in the extract. 
In summation, smear slides presented the highest cellular yield of all of the 
preparation techniques tested.  The significant increase in cellular yield between the one-
spin and standard extract slides indicates that the standard procedure, which includes 
two-spins, is more effective overall for maximal sperm elution.  However, after 
examining the steps of the extraction procedure individually, the second spin of the 
cutting was found to yield very few spermatozoa and thus failed to support this finding. 
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4. CONCLUSIONS 
Research conducted for this study found that maximum persistence times reported 
in the literature are commonly removed from the circumstances of the cases from which 
they were derived.  There is limited value, however, to maximum persistence values if 
they cannot be qualified, particularly when TSI is of importance to a forensic case and 
will be the subject of direct and cross-examinations.  In these cases, explanations of the 
findings and limitations of the estimate must be offered [45].  It would be inaccurate to 
cite maximum persistence values as commonly occurring values if they actually 
represented outliers due to extreme circumstances.  Thus, referencing literature for TSI 
comparisons in reports or in courtroom testimony should be done with extreme caution 
and care.   
The maximum persistence values for P30 in the vaginal, anorectal, and oral 
cavities were 19 hours, 17 hours, and 20 hours, respectively.  Based on the maximum 
persistence values of intact spermatozoa on smear (43 hours) and extract slides (41.5 
hours) observed in this study, if intact spermatozoa are identified on vaginal smear or 
extract slides, a TSI estimation of 48 hours or less would be appropriate.  However, since 
the sample size for sperm-positive swabs collected after 48 hours was small, a more 
definitive TSI estimation should be recalculated after more data is obtained for extended 
timeframes.  The maximum persistence of sperm heads was equivalent for vaginal smear 
and extract slides at 105 hours and thus if sperm heads are identified on vaginal smear or 
extract slides, a TSI estimation of 120 hours or less is recommended.   
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In the anorectal cavity, maximum persistence values for intact spermatozoa were 
43 hours for smear slides and 13 hours for extract slides.  Based on the data distribution 
in this study, a TSI estimation of 12 hours or less is appropriate if intact spermatozoa are 
identified on anorectal smear or extract slides. The maximum persistence of sperm heads 
was equivalent for anorectal smear and extract slides at 43 hours and thus a TSI 
estimation of 48 hours or less is recommended if sperm heads are observed on anorectal 
smear or extract slides.   
Based on the maximum persistence values of intact sperm on oral smear (3.75 
hours) and extract slides (5 hours) observed in this study, if intact spermatozoa are 
observed on oral smear or extract slides, a TSI estimation of 6 or less would be 
appropriate.  The maximum persistence of sperm heads were equivalent for oral smear 
and extract slides at 24 hours and thus a TSI estimation of 24 hours or less is 
recommended if sperm heads are observed on oral smear or extract slides.   
The maximum persistence values for intact spermatozoa, sperm heads, and P30 
observed in the retrospective review of BPD casework did not agree with some of the 
lengthy persistence times reported in the literature.  This was particularly evident for the 
persistence of intact spermatozoa in the vaginal cavity, where the maximum detection 
times are 9 days in the model population-based literature, 120 hours in the case study-
based literature, and only 43 hours in cases from the Boston Police Department.   
This study demonstrates that the preparation techniques used in the laboratory to 
extract cellular material from swabs to prepare microscope slides have a direct impact on 
the findings and this must be considered when attempting TSI estimations. When 
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prepared in a consistent and controlled manner, smear slides are the most valuable 
sources of information due to their high cellular yield and percentage of intact 
spermatozoa.   
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5. FUTURE DIRECTIONS 
Ongoing data collection at the BPD seeks to continue the compilation of TSI data 
following the procedure set forth in Section 2.1 as well as the direct comparison of 
medical personnel-prepared smear slides and analyst-prepared extract slides following 
the procedure outlined in Section 2.2. 
Continuing the re-evaluation of swab extraction procedures utilized in forensic 
laboratories would be highly beneficial, as this study only examined the utilization of a 
second microcentrifuge spin cycle.  The development and implementation of a swab 
extraction procedure that maximizes the cellular yield while decreasing the loss of fragile 
sperm tails would help to minimize errors in TSI estimation.  Additionally, if this swab 
extraction process was standardized in numerous laboratories, TSI data could be collected 
in a consortium.  Sharing basic statistical data in laboratories following the same sample 
processing protocols would increase the amount of data available and the statistical 
power of TSI estimations. 
Another beneficial future direction of this research would be to examine medical 
personnel-prepared smear slides in cases where no sperm were found on the extract slides 
during microscopic examination, but the extract tested positive for P30.  This would 
determine whether there were a significant number of instances where sperm were 
present on the smear slide but that were missed due to a lack of observation on these 
slides. 
Finally, compiling the DNA results from the cases examined in this study in order 
to assess the probability of generating a full or partial DNA profile based on TSI and the 
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number of sperm present could be very informational.  Elliott et al. found a significant 
correlation between TSI and the generation of a DNA profile in a small sample set and 
conjectured that TSI may play a role independent of sperm count in the likelihood of 
successfully generating a suspect DNA profile [46].  Gingras et al. examined data from 
1000 forensic cases and found that the chance of obtaining DNA profiles is good from 
vaginal swabs collected within 3 days and from anorectal swabs collected within 1 day, 
but remains bleak in cases with oral samples even if collected within 24 hours of the 
alleged assault [34].  Continuing that research with the casework resources of the BPD 
could be very fruitful, particularly in explaining the low success rates of obtaining DNA 
profiles in cases with longer TSI when sperm has been microscopically observed. 
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APPENDIX A:  Massachusetts SAECK Hospital Form 2A 
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APPENDIX B:  Massachusetts SAECK Hospital Form 2B 
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